Most of the P in oilseed meal is in the form of phytate P, and phytate forms complexes with protein. Phytate P has been considered to be absorbed easily in ruminants because of phytate degradation in the rumen. Treatment of oilseed meals with formaldehyde improves the nutritional value of protein through suppressing its ruminal degradation. The present experiment was conducted to study the effects of formaldehyde treatment on phytate degradation in the rumen. The ruminal degradation of phytate in formaldehyde-treated soyabean meal or rapeseed meal was determined by a nylon-bag technique in sheep. Soyabean meal and rapeseed meal were treated with formaldehyde at levels of 3, 5 or 10 g/kg. Treatment with formaldehyde suppressed phytate and protein degradation in both the oilseed meals. Compared with the regular soyabean meal, the regular rapeseed meal showed lower degradability of phytate in the rumen. These results suggest that treatment with formaldehyde suppresses ruminal degradation of phytate in oilseed meal. Thus, the absorption of P from oilseed meal is probably decreased by this treatment in ruminants.
The large amount of P in animal waste is a concern in areas where livestock population density is high (Cromewell & Coffey, 1991) . In single-stomached animals and poultry, P in oilseed meals is poorly utilized because most is present in the form of phytate P which is not easily absorbed (Reddy et al. 1982) . Supplementation with microbial phytase (EC 3.1.3.8) improved the utilization of phytate P in these animals (Simons et al. 1990 ). On the other hand, phytate P has been considered to be utilized efficiently in ruminants. Nelson et al. (1976) showed that phytate was not found in the rumen, abomasum or intestine of calves fed on a soyabean-meal-based diet, and they suggested that phytate was completely hydrolysed in the rumen. Ellis & Tillman (1961) reported that wethers could absorb appreciable amounts of the phytate P in wheat bran.
Soyabean meal and rapeseed meal are common protein sources in ruminant feed. Many studies have been performed to decrease the ruminal degradability of protein in these oilseed meals using formaldehyde treatment because suppression of protein degradation in the rumen improves protein utilization (Nishimuta et al. 1974; Spears et al. 1980; Coombe, 1985) . The decrease in protein degradation is considered to be the result of lowering the solubility of protein in the rumen (Nishimuta et al. 1974) . Thomas et al. (1946) reported that phytate in natural feed formed stable complexes with protein. Therefore, the reduction of ruminal degradability of protein may suppress the degradation of phytate in the rumen.
The objective of the present experiment was to determine the influence of formaldehyde treatment on ruminal degradation of phytate in soyabean meal and rapeseed meal using a nylon-bag technique in sheep.
Materials and methods

Formaldehyde treatment
Reagent grade formaldehyde was added to soyabean meal and rapeseed meal at levels of 3 (F0⋅3), 5 (F0⋅5) or 10 (F1⋅0) g/kg on an air-dry matter basis. After addition of formaldehyde solution, the meal was mixed well, poured into plastic bags and sealed for 3 d to prevent volatilization of formaldehyde. Then, the treated meal was poured onto a plastic sheet to remove formaldehyde. These treatments were replicated three times. The three batches of treated oilseed meal were mixed well for the in sacco incubation study.
Animals and feeding
Three crossbred sheep (Suffolk × Corriedale) weighing approximately 40 kg, each fitted with a rumen cannula, were used. The sheep were individually housed in metabolism cages and cared for according to the Guide for the Care and Use of Laboratory Animals (Kyoto University Animal Care Committee). The diet consisted of (g/kg): 100 soyabean meal, 300 barley grain and 600 timothy (Phleum pratense) hay. The animals were fed twice daily (10.00 and 22.00 hours) at a level of 8⋅5 g/kg body weight with free access to water and mineral block. After a 1-week preliminary period, sheep were used for the incubation trial.
Incubation of soyabean meal and rapeseed meal in sacco
Regular and treated soyabean meal and rapeseed meal were ground to pass through a mesh screen with a pore size of 2 mm. Approximately 5 g each ground sample was poured into a nylon bag (40 × 165 mm: pore size, 900 m 2 ). Six bags, each containing regular or treated oilseed meal, were introduced into the rumen through the ruminal cannula just after the morning feed and incubated in the rumen. After 3, 6, 12, 24, 36 or 48 h incubation in the rumen, the nylon bags were recovered. Each type of oilseed meal was incubated in the rumen of sheep in duplicate. The bags were rinsed thoroughly with running tap water until the wash-out water became clear. The nylon bag from 0 h incubation for each sample was not incubated in the rumen and only rinsed. The residues in the bags were lyophilized.
Chemical analyses
Phytate P and crude protein were analysed in ground samples and the residue after rinsing. Phytate P was determined according to the method of the Association of Official Analytical Chemists (1990) . Kjeldahl N was determined and crude protein was calculated by multiplication of N by 6⋅25.
Calculation of effective degradability
The relationship between disappearance of phytate P or crude protein from nylon bags (Y) and the incubation time (X) was described by the model proposed by Ørskov & McDonald (1979) :
where A, B and C are constants fitted by a least-squares procedure to estimate the rapidly soluble fraction (A), the degradable fraction (B) and the rate constant (C) for the degradation of B respectively. The ruminal effective degradability (ED) of phytate P or crude protein was calculated by the constants A, B and C and the three different ruminal-passage rates, i.e. 0⋅02, 0⋅05 and 0⋅08/h. These calculations were carried out using the 'Neway' computer program (X. B. Chen, Rowett Research Institute, Aberdeen, UK) based on the models of Ørskov & McDonald (1979) and McDonald (1981) .
Statistical analysis
The mean of each duplicate incubation in an individual sheep served as the experimental unit. Data were analysed by two-way ANOVA. For comparison among the treatments, the least-significant difference test was used. Differences were considered significant at P Ͻ 0⋅05. All statistical analyses were performed with the general linear models procedure of the SAS program (1985; Statistical Analysis Systems, Cary, NC, USA).
Results
The concentration of phytate P in the regular rapeseed meal was twice that in the regular soyabean meal (Table 1) . Formaldehyde treatment did not affect phytate P or crude protein concentration in either oilseed meal.
The rapidly soluble fraction (A) of crude protein was significantly lower (P Ͻ 0⋅05) in the soyabean meals treated with F0⋅5 and F1⋅0 compared with the regular soyabean meal, and these treatments significantly (P Ͻ 0⋅05) decreased A of crude protein in rapeseed (Table 2) . Although the regular soyabean meal showed a significantly (P Ͻ 0⋅05) lower A value than the regular rapeseed meal, the difference between the oilseed meals disappeared after formaldehyde treatment. The degradable fraction (B) did not differ between regular and treated oilseed meals or between soyabean meal and rapeseed meal. The fractional rate-constant (C) of crude protein was significantly lower (P Ͻ 0⋅05) in the soyabean meals treated with F0⋅5 and F1⋅0 compared with the regular soyabean meal. These treatments significantly (P Ͻ 0⋅05) decreased C in rapeseed meal. The regular soyabean meal showed a significantly (P Ͻ 0⋅05) lower C value than the regular rapeseed meal. On the other hand, the difference between the oilseed meals disappeared after treatments F0⋅5 and F1⋅0.
The rapidly soluble fraction (A) of phytate P in soyabean meal was significantly (P Ͻ 0⋅05) decreased by these treatments. The regular rapeseed meal showed a significantly (P Ͻ 0⋅05) higher A value than the rapeseed meals treated with F0⋅3 and F0⋅5. The regular soyabean meal showed a significantly (P Ͻ 0⋅05) higher A value than the regular 468 W.-Y. Park et al. rapeseed meal, but the difference between the oilseed meals disappeared after treatment. The degradable fraction (B) of phytate P was significantly (P Ͻ 0⋅05) lower in the regular than in the treated soyabean meal. Phytate P in the regular rapeseed meal showed a significantly (P Ͻ 0⋅05) lower B value as compared with the rapeseed meals treated with F0⋅3 and F0⋅5. The regular soyabean meal showed a significantly (P Ͻ 0⋅05) lower B value than the regular rapeseed meal, but the difference between the oilseed meals disappeared after treatment. The fractional rate-constant (C) of phytate P was significantly lower (P Ͻ 0⋅05) in the soyabean meals treated with F0⋅5 and F1⋅0 compared with the regular soyabean meal. The treated rapeseed meal showed a significantly (P Ͻ 0⋅05) lower C value than the regular rapeseed meal. The soyabean meals treated with F0⋅3 and F1⋅0 showed significantly (P Ͻ 0⋅05) higher C values than the rapeseed meal treated with the corresponding levels of formaldehyde. At all ruminal-passage rates examined, the soyabean meals treated with F0⋅5 and F1⋅0 showed significantly (P Ͻ 0⋅05) lower ED of crude protein than the regular soyabean meal (Table 3) . Treatment decreased the ED of crude protein in rapeseed meal with increasing level of 469 Phytate degradation in the rumen 0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  Oilseed meal  0⋅0001  0⋅0001  0⋅0014  0⋅0001  0⋅0001  0⋅0001  0⋅6970  0⋅1433  0⋅0146  Interaction  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0001  0⋅0757  0⋅0051 0⋅0056 a,b,c,d Mean values within a column not sharing a common superscript letter were significantly different, P Ͻ 0⋅05. Mean values were significantly different from those for soyabean meal treated with the same level of formaldehyde: * P Ͻ 0⋅05. † For details of diets and procedures, see pp. 467-468.
formaldehyde. Although the regular rapeseed meal showed significantly (P Ͻ 0⋅05) higher ED of crude protein than the regular soyabean meal, the rapeseed meals treated with F0⋅3 and F1⋅0 showed significantly (P Ͻ 0⋅05) lower ED of crude protein than the soyabean meal treated with the corresponding levels of formaldehyde. Treatments F0⋅5 and F1⋅0 significantly (P Ͻ 0⋅05) suppressed the ED of phytate P in soyabean meal although treatment F0⋅3 did not affect the ED of phytate P at any ruminal-passage rate examined. Treatment decreased the ED of phytate P in rapeseed meal with increasing level of formaldehyde. Compared with the regular soyabean meal, the regular rapeseed meal showed significantly (P Ͻ 0⋅05) lower ED of phytate P at all ruminal-passage rates. The treated rapeseed meals showed significantly (P Ͻ 0⋅05) lower ED of phytate P than the soyabean meal treated with corresponding levels of formaldehyde.
The soyabean meal treated with F0⋅3 showed a similar ratio phytate P : crude protein in the ED (PCR) to the regular soyabean meal. The soyabean meals treated with F0⋅5 and F1⋅0 showed significantly (P Ͻ 0⋅05) higher PCR values than the regular soyabean meal. Treatment of rapeseed meal significantly (P Ͻ 0⋅05) increased PCR. The soyabean meal treated with F0⋅3 showed a significantly (P Ͻ 0⋅05) lower PCR than the rapeseed meal treated with the same level of formaldehyde at all ruminal-passage rates. On the other hand, this ratio was significantly (P Ͻ 0⋅05) lower in the rapeseed meals treated with F0⋅5 and F1⋅0 than in the soyabean meal treated with the same level of formaldehyde at k 0⋅08.
Discussion
Formaldehyde treatment decreased the ED of crude protein in soyabean meal and rapeseed meal at all ruminal-passage rates examined. These results are in agreement with those of previous reports indicating that treatment with formaldehyde reduced ruminal degradability of crude protein in soyabean meal (Nishimuta et al. 1974) and rapeseed meal (Coombe, 1985) .
Formaldehyde treatment reduced the ED of phytate P in both oilseed meals at all ruminal-passage rates examined, suggesting that formaldehyde treatment suppressed the degradation of phytate in the rumen. Some researchers (Raun et al. 1956; Nelson et al. 1976) reported that ruminants readily utilized phytate P as a P source because ruminal microbes efficiently degraded phytate P to inorganic P. On the other hand, phytate P is known to be poorly utilizable in single-stomached animals (Reddy et al. 1982) . Therefore, we considered that the phytate P escaping from ruminal degradation was not efficiently available in ruminants. Phytate was reported to form complexes with protein in oilseed meal (Thomas et al. 1946) . The increase in ruminally undegradable protein resulted from a reduction of protein solubility in the rumen (Nishimuta et al. 1974) . In the present study, the rapidly soluble fractions of crude protein and phytate P were decreased by formaldehyde treatment. Furthermore, the fractional rate-constants of crude protein and phytate P were also decreased by treatment. These results suggest that treatment with formaldehyde probably reduced the solubility of phytate complexes with protein. In addition, formaldehyde treatment delayed the degradation of phytate complexes during ruminal fermentation. These changes probably suppressed the ED of phytate P.
Rapeseed meal contained twice as much phytate P as soyabean meal. Furthermore, the regular rapeseed meal showed a lower ED of phytate P than regular soyabean meal. When ruminants are fed on regular rapeseed meal, a considerable amount of phytate may pass through the rumen without degradation.
Treatments F0⋅5 and F1⋅0 increased PCR of both oilseed meals. These treatments probably suppressed the degradation of protein more effectively than that of phytate. Rapeseed meal showed a lower ED of phytate P than soyabean meal with or without treatment. The regular soyabean meal showed higher PCR than the regular rapeseed meal at all ruminal-passage rates examined. Furthermore, the soyabean meals treated with F0⋅5 and F1⋅0 showed higher PCR than similarly treated rapeseed meal at the highest ruminalpassage rate. Phytate has been reported to be distributed uniformly in the protein body of soyabeans (Tombs, 1967) whilst in rapeseed a large amount of phytate is located in globoid crystals (Yiu et al. 1983) . This different localization of phytate may be responsible for the higher ED of phytate P and PCR in soyabean meal than in rapeseed meal.
The results of the present study suggested that 743 g/kg phytate P in the rapeseed meal treated with F1⋅0 is likely to escape ruminal degradation and flow into the small intestine at a ruminal-passage rate of 0⋅05. According to a previous report indicating that the absorption coefficient of phytate P in rapeseed meal was as low as 19 % in swine (Weremko et al. 1997) , 602 g/kg of phytate P in the treated rapeseed meal is unlikely to be absorbed in ruminants. Phytate P concentration was approximately 10 g/kg in rapeseed meal. When lactating cows are fed on a diet consisting of 100 g treated (F1⋅0) rapeseed meal/kg, the diet contains 1 g phytate P/kg originating from the treated rapeseed meal. Based on these data, 0⋅6 g phytate P/kg in this diet is likely to be excreted in faeces. As the requirement of P in lactating cows has been reported to be 0⋅22-0⋅42 % (National Research Council, 1988) , a diet containing 100 g treated rapeseed meal/kg must be supplemented with 273-143 g more inorganic P/kg than a diet consisting of 100 g regular rapeseed meal/kg. P deficiency is rare in high performance ruminants because feed is usually supplemented with a large amount of inorganic P. However, P in animal waste is becoming a concern from the aspect of environmental pollution. The reduction of dietary P to the required level is the easiest way to decrease P excretion. In these conditions, phytate P passing through the rumen must be considered.
